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‡ Yi Jiang, Haican Liu, Haiyin Wang and Xiangfeng Dou contributed equally to this study .  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38 45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60  61  62  63  64  65  66  67  68  69  70  71  72  73  74  75  76 strains. The remaining 88 strains were selected from 608 non-Beijing family isolates. Further, we 99 attempted to purposely include strains representing different spoligotypes that were isolated from 100 different places. Table 2 shows the numbers of strains used in this study that were obtained from 101 different provinces in China. The strains were cultured using a standard Löwenstein-Jensen 102 medium, heat inactivated, and then subjected to polymerase chain reaction (PCR). The nucleotide 103 sequences of the primers (5′ to 3′) were designed by DNAstar software according to the H37Rv 104 genome sequence and were as follows: GCTTGTGGATCGCATATCCT and 105
GACGACGTTTTGCCCTACAT. 106
PCR was performed in a total volume of 20 μl. The PCR mix contained 10 μl of PCR buffer, 107 100 nM of each primer, 200 μM each of the 4 dNTPs, and 0.5 U of DNA Taq polymerase (Takara). 108
An initial denaturation of 5 min at 94°C was followed by 35 cycles of denaturation at 94°C for 45 109 s, annealing at 62°C for 45 s, and extension at 72°C for 1 min, followed by a final extension at 110 72°C for 10 min. Negative controls (reagents only, no DNA) were included with each PCR cycle. 111
The positive control was 500 pg of DNA from M. tuberculosis H37Rv. The presence and size of 112 each PCR product was determined by electrophoresis on a 2% agarose gel in Tris/boric acid/EDTA 113 buffer followed by staining with ethidium bromide. All PCR tests were performed at least twice to 114 validate the reproducibility. The sequences of the PCR products were determined by ABI 3730xl 115 DNA analyzer and compared and sliced using Bioedit software. The protein structures were 116 predicted by PyMol software (http://www.pymol.org/). Spoligotyping was performed according to 117 a previously described method [10] , and the spoligotyped families were assigned according to the 118 international SpolDB4 database [11] . 119
In this study, we selected 180 clinical isolates of MTBC in China, which originated from a very 120 large geographical area and contained different spoligotyping patterns; hence, the data from these 121 strains is representative of the genetic diversity that might be present within China, at least to 122 some extent. With the exception of 2 Bacillus Calmette-Guérin (BCG) strains, all the other strains 123 yielded PCR products in the MPT64 reaction. Fifteen strains (including the 2 BCG strains) 124 presented polymorphisms in the mpt64 gene, accounting for 8.33%. Eight strains had a 63-bp 125 deletion, whereas 4 strains showed a single-base mutation (See Figure 1) ; all of these mutations 126 were non-synonymous. XJ06112 had a single-base insertion but this did not result in an amino 127 acid change, as the C insertion occurred in the last amino acid (Ala) at the carboxyl terminus and 128 in the second base of the code "GCC". AH03031, ShanXi05105, HeN06035, and XJ06177 had 129 one non-synonymous nucleotide mutations, which resulted in rare changes in the protein structure 130 and function. The 63-bp deletion in the 8 strains led to the loss of amino acids 66-86 from MPT64; 131 these residues were within the second alpha helix of MPT64. Figure 3 shows the tertiary structure 132 of protein MPT64 with or without the 63 bp deletion. Because of the deficiency of the alpha helix, 133 the curvatures of adjacent beta-sheets are greatly increased. This resulted in a drastic change in the 134 overall structural topology and surface exposure, which likely had a major impact on the 135 biological function of this antigen. Although the function of MPT64 is currently unclear, we 136
propose that the 8 strains harboring the deletion interact differently with human T cells and may 137 represent a special type of MTBC strain that merits further investigation. In addition, variability in 138 the accuracy of diagnosis using MPT64 may partly due to the polymorphisms in the gene. 139
There are 23 T-cell epitopes in the antigen MPT64 (See Table 3 (IEDB_ID 61834, 53370, 33402, 28594, and 75172) . This suggests that the gene 143 may undergo antigenic variation in response to host immune pressure, and that it may be involved 144 in diversifying selection to evade host immunity. Additionally, the high number of amino acid 145 substitutions in these epitopes may reflect ongoing immune evasion. 146
Among the 180 isolates in this study, 2 BCG strains, one (FJ07111) of which was isolated from 147 the Fujian Province and another (JL06005) from the Jilin Province, yielded no PCR products in 148 the MPT64 reaction, which is consistent with the results shown in previous studies [13] [14] [15] . 149
Thirteen strains showed different spoligotyping patterns; particularly, 8 strains among these 13 150 showed 63-bp deletion. This implies that the genotypes of MTBC strains may not be related to the 151 immune reaction between the pathogen and host cell. This assumption is reasonable, because 152 spoligotyping is based on the detection of various non-repetitive spacer sequences located between 153 small repetitive units (direct repeats [DRs] ) in the DR locus of MTBC strains [10] , which is 154 located in the non-coding area of the genome. This is in contrast to T-cell epitopes, which are in 155 the coding antigen areas; thus, genetic variation in such regions may obviously translate into 156 functional differences. 157
Our finding that the MPT64 antigen harbors a high number of amino acid changes suggests that 158 strain diversity should be considered during further development of new vaccines containing 159
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